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ABSTRACT
Colin Antony Mihalik: Long Term Follow-up of CL II Adults Treated with
Orthodontic Camouflage: A Comparison with Orthognathic surgery outcomes.
(Under the direction of Dr. William R. Proffit, DDS, PhD)

Thirty-one adults who had been treated with orthodontics alone for Class I
malocclusion were recalled at >5 years post-treatment, for evaluation of
cephalometric and occlusal stability and satisfaction with treatment outcomes. These
were compared to similar data for long-term outcomes in patients who had surgical
correction. Small mean changes in skeletal landmark positions did occur long-term,
but were in general much smaller than in the surgery patients. The percentage of
patients with a long-term increase in overbite was almost identical in the orthodontic
and surgery groups, but Class II surgery patients (who had more severe problems
initially) were nearly twice as likely to have an increase in overjet long-term. The
patients’ perceptions of outcomes were highly positive in both the orthodontic and
surgical groups. The camouflage patients reported fewer functional or TM joint
problems than the surgery patients, and had similar reports of overall satisfaction with

treatment.
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INTRODUCTION

For non-growing individuals with moderate to severe skeletal Class II
malocclusions, there are only two possible treatment plans: orthodontic camouflage
(based on retracting the protruding maxillary incisors) or orthognathic surgery
(mandibular advancement and/or superior positioning of the maxilla). Recently,
with recall of Class II surgery patients at 5 years or longer post-treatment, it has been
observed that surprisingly large skeletal changes occur long-term (beyond one year
post-surgery) in 20-30% of this group. It appears that growth in the original pattern
and remodeling of the mandibular condyles can occur long after surgical healing has
been completed. For most of these patients, the skeletal changes are greater than the
changes in the dental occlusion, i.e., dental compensation for the skeletal changes
often occurs, so clinical relapse is rare.

Although Schubert et al ' looked at skeletal remodeling in non-surgical patients
long term, they did not specifically look at camouflage patients, and thus there are no
comparable data for long-term stability after orthodontic camouflage of Class II
problems in adults. It is not known whether similar long-term growth, condylar
remodeling and dental compensations occur in these camouflage patients as was seen
in surgical patients.

Skeletal stability is evaluated from cephalometric radiographs. Changes in the

dental occlusion after Class II treatment usually focus on overjet, which can be




measured directly from the patient or from dental casts. A more thorough way to
evaluate changes in the dental occlusion is the PAR method developed by Shaw et al
in England.z’3 This provides a weighted measure of the occlusion that takes into
account overjet, overbite, midlines, buccal occlusion and upper and lower anterior
alignment. In evaluating treatment outcomes, it is important to note not only the
“objective” changes measured from radiographs and other records but also the
patients’ perceptions. These pieces of data can be obtained from structured interviews
and questionnaires.

This project had three goals: (1) to compare long-term skeletal and soft tissue
changes in the orthodontic and surgery groups, based on cephalometric radiographs;
(2) to evaluate long-term changes in occlusal relationships in adults who had
orthodontic treatment for Class II malocclusion, using the PAR system, and to
compare occlusal stability to surgery patients; and (3) to evaluate patient satisfaction
following orthodontic treatment, using the same patient-centered surveys that
previously have been used with surgery patients.

The outcomes are presented in conjunction with an extended literature review, a
paper for publication, and multiple indices containing extensive data from which the

publication was derived.




1. EXTENDED LITERATURE REVIEW

Class II Malocclusion: General Background

Class II malocclusion is seen as an underdevelopment of the mandible and
protrusion of the maxillary incisors. No other dentofacial deformity occurs as
frequently as a Class IT malocclusion with somewhere between 15-20 % of the
American population being afflicted.”> The functional problems of a severe Class II
malocclusion include a large incisor overjet and often seen deep bite which makes
incising difficult unless protruding the mandible. Additionally, our societal
preference for a strong chin has been documented in the literature, and it seems that a
weak chinned individual carries a negative connotation to others (i.e. the village idiot)
and this may have real social and economic consequences for the patient. 6

If a discrepancy in the size or position of the jaws contributes to the malocclusion
and is reflected in improper facial proportions, there are only three possible
treatments: (1) modification of growth, (2) orthodontic camouflage (displacing the
teeth to obtain correct dental relationships in spite of the jaw deformity), which
produces a dental compensation for the skeletal discrepancy, or (3) surgical
repositioning of the jaws and/or dentoalveolar segments. If the patient is older and
has little to no growth remaining, this often only leaves options 2 or 3, since the
opportunity for growth modification to correct the skeletal Class II malocclusion has

been missed.




Relatively little data exists for the prevalence of facial characteristics, so it is

necessary to infer the presence of jaw deformities from data on dental occlusal
relationships. Fortunately, we can get an appreciation for the types of dentofacial
problems from existing data on dental occlusion and the jaw relationships that
presumably underlie them. In the large-scale evaluation of the health of the US
population carried out in 1989-1994 (National Health and Nutrition Estimates Survey,
NHANES 1I1I), estimates of malocclusion were obtained from a sample of 14,000
individuals. This sample provided weighted estimates for the approximately 150
million people in white, black and Mexican-American racial/ethnic groups between
the ages of 8 and 50. Those outside that age range, Native Americans, those living on
military reservations, and some other specific population groups were not studied.
Data for alignment of incisor teeth, overjet / reverse overjet, vertical overlap of
incisors, and presence of posterior crossbite and maxillary midline diastema were
collected. ® From Proffit and White,” we can presume that >10 mm overjet reflects a
skeletal Class II problem. The same thinking applies to reverse overjet >4 mm, which
indicates a skeletal Class III relationship with some combination of maxillary
deficiency and mandibular excess. Most of those with 2-3 mm reverse overjet also
would have skeletal problems. In the vertical plane of space we can presume that the
prevalence of open bite >4 mm indicates the prevalence of the long face deformity
pattern—the small number of severe open bites without excess face height would
about balance the number of long face individuals with minimal or no open bite.

The NHANES III data are summarized by Proffit and White, ’ as indicating that

approximately 2% of the US population have mandibular deficiency and/or vertical




maxillary excess severe enough to be handicapping (the 0.3% with >10 mm overjet,
plus half the 3.8% with 7-10 mm overjet). About 0.3% have mandibular excess and/or
maxillary deficiency this severe (0.1% with >4 mm reverse overjet, plus half the 0.5%
with 3-4 mm); about 0.3% have a long face deformity (0.1% >4 mm open bite, plus
half the 0.5% with 3-4 mm). Because vertical and antero-posterior problems
frequently occur in the same individual, it is necessary to add only one-third of the
long face group to the total for dentofacial deformity. Asymmetry and other problems
occur rarely, but might contribute 0.1% to the total. It appears, therefore, that
approximately 2.5% of the US population have facial disproportions and severe
malocclusions that would put them into the dentofacial deformity category. It has
been estimated previously that about the worst 5% of those who seek orthodontic
treatment fall into this category. Since about 50% of American children are judged to

need orthodontics, this appears to be correct. ’

Treatment Alternatives for Class II Malocclusion

For mild Class II problems, orthodontics alone obviously is the preferred
treatment; for the most severe ones, surgery obviously is required; but there are many
patients in a borderline area for whom either approach might be used. The decision
can be difficult, especially if the patient no longer has growth available. The
treatment then is based on two considerations: the esthetic impact of orthodontics

versus surgery, and the long-term stability of these approaches.




A. Orthodontic Camouflage Treatment

Extractions in conjuction with orthodontics have been a continuing point of
contention among orthodontists. Edward Angle was the premier nonextractionist,
believing that orthodontics was the ideal “bone growing machine” and thus the teeth
could be expanded and bone would grow to support the expanded dentition.* Today
we realize that the face is judged not on hard tissue relationships but rather on soft
tissue contours and that patients are judged on what is seen. Thus the alignment of
the incisors is important but so too is the relationship of the teeth to the lips, nose and
chin, and of those structures to each other. ?

Extracting maxillary premolars, often referred to as a camouflage pattern, can get
the teeth to fit. It is possible to get the correct incisor, cainine and premolar
relationships by extracting maxillary premolars, while leaving the molars in a full
cusp Class II occlusion. This method of treatment gained in popularity in the 1930°s
and 1940°s when a full appreciation of continued growth of the face was not available
and soft tissue concerns were not as apparent. These were the days of getting the
dental casts to fit well, and often it was forgotten that a patient lived with these teeth.
Additionally, surgery was not available and in order to improve a severe overjet,
something had to be done. The orthodontist was limited in what could be done within
the framework of the skeletal pattern the patient presented with.

Today this type of camouflage treatment is best suited for the mild to moderate
Class II patient, with little to no growth remaining. The risks involve over-retraction
of the maxillary incisors to compensate for a deficient mandible and ending up with

an obtuse nasiolabial angle and a compromised soft tissue profile. This orthodontic




treatment may also include excessive proclination of the mandibular incisors as Class
II elastics are overused to attempt to decrease the overjet, causing both an unstable
situation and stressing the labial periodontal support. Additionally, extended
appliance wear and detrimental periodontal and root resorption effects can be seen. 10
Extended Class II elastics can rotate the occlusal plane, causing extrusion of the
maxillary incisors and rotating the mandible down and back. If however the correct
patient is selected, with overjet caused by maxillary protrusion, an acute nasiolabial
angle, and a mandible that is close to normal length with a mild to moderate Class II
skeletal pattern, successful camouflage treatment can be obtained. Camouflage also
works in mild to moderate Class II patients who are past their pubertal growth spurt
but still have some growth remaining. This type of treatment can work in adults but
is more difficult due to the lack of any vertical growth that would counteract the

extrusive forces of orthodontics. '

B. Surgical Treatment of Skeletal Class II Malocclusion

Orthognathic surgery has the advantage of correcting the underlying skeletal
problem without having to compromise the soft tissue. Often, however, the dentition
has compensated for the original skeletal discrepancy and so must be decompensated
before the surgery. This decompensation often requires removal of teeth to maximize
the surgical movement, and so in a way compromises a full dentition of teeth to
maximize the soft tissue profile.

Three main surgical options are used today to deal with skeletal Class II patients:




(1)'Advancing the deficient mandibular body, which is used in about 2/3 of
skeletal Class II patients. This is indicated when a mandibular body
deficiency is the prime cause of the mismatch in jaw relationships.

(2) Maxillary impaction to allow the mandible to auto-rotate into a more
anterior position. This procedure is used in approximately 1/3 of skeletal
Class II patients, either alone (15%) or in conjunction with mandibular
surgery (20%). This surgery is primarily used when a vertical overgrowth
of the maxilla has occurred causing the mandible to rotate down and back.

(3) Masking procedure by a genioplasty to advance the chin region by itself or
in conjuction with either of the 2 above. This procedure can also be used
with orthodontic only cases to help improve the holdaway ratio and give a
stronger chin projection.

Although these 3 options are used today, retraction of the anterior portion of the
maxillary alveolar process and teeth was used in the past before the surgical
techniques for mandibular advancement surgery became popular. This surgical
camouflage treatment was very unesthetic, making a maxilla match with an already
deficient mandible. Luckily, we now look at the soft tissue profile and surgery is
done on the jaw with the deficiency and only for the more severe cases, thereby
maximizing the esthetic value. However, surgery is not without additional risks
including:

(1) Difficulties with anesthesia from minor interbation/extibation problems all

the way to hyperthermia and death.




(2) Complications with surgery, including infections, loss of blood supply and

long term paresthesia.

(3) Relapse of the surgical changes.

The long-term changes of Class II patients treated surgically have been
studied, but little is known about the long-term stability of camouflage treatment.
Shubert et al. noted that normal adult growth could not account for the long-term (5
year) changes observed following orthognathic surgery. ' Facial growth does continue
at a slow rate in the adult. How this growth affects camouflage treatment,
orthognathic surgery, routine orthodontics or even no treatment is just now beginning
to be understood. Isreal showed that the cranial skeleton increased 1% per decade in
all dimensions. '2 Behrents has also clearly shown that patients continue to grow in
their original growth pattern, which could lead a CL II treatment towards relapse. >
So the question must be asked: How stable is orthodontic camouflage in the long
term? Specifically what changes are seen 5 years out of treatment and are these
results any different than those seen in the 5-year surgery group? The important
clinical question will be whether the camouflage is successful in terms of being
esthetically acceptable, and if the greater improvement produced by surgery is worth

the greater cost and risk of surgery.

Evaluation of Treatment OQutcomes

A. Surgical Stability Literature

The stability of orthognathic surgery has been studied extensively in the last

few years and a hierarchy of stability has been offered. '* Key factors in surgical




stability include the direction of movement, the type of fixation and the surgical
technique employed. As it turns out, the surgical movements most conducive to
Class II correction, (maxilla up and mandible forward or a combination of both),
happen to make up three of the top four most stabile surgical movements. Thus Class
II surgery is and can often be a very successful procedure.

The long-term stability of most orthognathic surgical procedures has not been
studied as intensely as the short-term result. Simmons et al found with normal or
short face height and mandibular deficiency, there was a small (0.9mm) but
statistically significant decrease in mandibular length from condylion to point B from
1 to 5 years post surgery. > In two of their 35 patients, the shortening was more than
4mm, but only one of the patients had more than a 2mm increase in overjet. Miguel
et al also found that long term shortening of the condylion-pogonion length of 2-4mm
may occur with modest clinical relapse beyond 1-year post surgery in 5-10% of two-
jaw surgery patients. ' Schubert et al found that both surgical patients and untreated
adults had small skeletal changes over 5 years during early adulthood; the changes for
the jaw surgery groups were larger than what normal adult growth would predict. In
some instances, the postsurgical changes leading to relapse continue much longer
than would be expected with healing form surgery. !

In the master’s thesis of Petra Schubert Tilley and in her article entitled: Long-term
cephalometric changes in untreated adults compared to those treated with
Orthognathic surgery, ! 33 adult patients (26 who had orthodontic treatment, and 9
who needed surgery but declined) were compared to 118 patients who had

Orthognathic surgery. To evaluate whether these changes are greater in patients with

10



similar morphology who did not have surgery, long-term (5-year) changes in hard
tissue landmarks were examined in 33 untreated (surgically) adults and compared to
long term-term changes in skeletal class II surgery patients who underwent maxillary
impaction, mandibular advancement, or both. She concluded that normal adult
growth could not account for the long-term changes observed following jaw surgery.

The question we need to ask: Is this also true for Class II camouflage patients?

B. Orthodontic Stability Literature

In a previous study from UNC, 33 non-growing skeletal CL II patients with
premolar and orthodontic camouflage were compared with 57 similar patients treated
with mandibular advancement and orthodontics at one year out of treatment. '’ The
determination of treatment effects used Little’s irregularity index for the incisors, '*
and overjet was measured as for NHANES IIL. ' The results showed that both
orthodontic and surgical-orthodontic treatments improved the malocclusion as judged
from the casts. Additionally, looking at the treatment efficacy of the models data and
the cephalometric numbers, it was noted that surgery resulted in greater reduction of
overjet and greater improvement in most cephalometric skeletal, dental and soft tissue
criteria. In the determination of esthetic changes, a panel of judges including
orthodontists, maxillofacial surgeons and both respective residents viewed both
simultaneous frontal and profile slides of before and after treatment. Before
treatment the surgical patients had lower esthetic ratings, but after treatment they

improved while the orthodontic only group were unchanged. The surgical patients

had improved, but not to the pretreatment level of the orthodontics patients.
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For Class II patients beyond the adolescent growth spurt there are only 2
options to correct the malocclusion: orthodontic camouflage to reposition the teeth to
correct the occlusion and camouflage the underlying skeletal discrepancy or
orthognathic surgery to correct the maxillo-mandibular relationship. However, how
to decide which is the correct choice for a specific patient is always the difficult
decision, especially since few guidelines suggest when surgery is necessary. Proffit
and White,”° used the “envelope of discrepancy” to indicate the limits of orthodontic
treatment. Additionally, Proffit et al suggested surgery would be needed when
overjet was greater than 10mm, especially if the distance from pogonion to Nasion
perpendicular is 18mm or more and mandibular body length is less than 70mm, or

21 Additional help was provided by Medland’s

facial height is greater than 125mm.
master’s thesis ** in which she proposed using a two or four variable model to predict
if surgery would be needed. The model was based on easily measured, reproducible
and commonly used factors. The specific factors were overjet, and ANB angle (in the
2 variable model), and added mandibular body length and anterior total face height in
the 4 variable model. Overall the 2 variable model correctly classified patient 77
percent of the time, while the four variable model correctly identified the groups 81.5
percent of the time.  All of these studies have given us a better idea of what factors
are beyond orthodontic camouflage treatment, but we still have no good data as to the
differences in long-term stability between the 2 types of procedures. Thus this study

will attempt to offer data to help make an informed decision as to the long-term

stability of camouflage treatment.
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C. PAR Scores

A more thorough way to evaluate changes in the dental occlusion is the PAR
method developed by Shaw et al in England.>? This provides a weighted measure of
the occlusion that takes into account overjet, overbite, midlines, buccal occlusion and
upper and lower anterior alignment. Both occlusal and skeletal stability are important
in comparing treatment outcomes. Al Yami et al used PAR scores to evaluate the
orthodontic treatment outcomes in 564 adolescent patients (mean age of 12.0 years +
3.1 years at the start of treatment) with a variety of problems, 10 years out of
treatment.”® Their results showed that about 2/3rds of the achieved orthodontic
correction still was present 10 years after treatment. When PAR scores increased after
treatment, about half of the change occurred within the first 2 years. Otuyemi et al
used PAR scores to characterize the relative success of orthodontic treatment in
adolescent Class II patients, and found on recall that 60% remained in the same
category at 1 year and 38% at 10 years. The major factors in increasing scores were

an increase in overjet and deterioration of lower anterior alignment.**

D. Perception Information

The major reason patients seek treatment for dentofacial problems is to overcome
social handicaps created by an abnormal facial appearance. Functional impairments
such as difficulty in chewing food, discomfort and pain (especially from
temporomandibular dysfunction) also are important reasons for treatment, but often
these are less important than the effect of facial appearance in social interactions and

the feelings of inadequacy and discontent that this creates for the patient.”>?® Recent
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data show that between one-third and one-half of the patients referred for evaluation
in the UNC Dentofacial Clinic have high levels of psychologic distress, high enough
to predict continuing problems in interpersonal relationships and significantly affect
overall quality of life.”® So overall, jaw function and facial appearance rather than
dental occlusion are patients’ major concerns.

7 it is fair to say that the major reason for

According to Proffit and White,
treatment of dentofacial problems is to improve the quality of life. To do that, not
only the physical attributes of the condition but also its impact on the patients’
feelings and perceptions must be evaluated. A major reason for seeking correction of
dentofacial problems is to improve facial appearance and thereby reduce social
handicaps. Approximately two-thirds of those who seck treatment say that their
appearance is a reason for doing so. Not quite half also have concerns about jaw
function, and nearly one-third report pain and discomfort as a reason. 2521
Proffit noted that a higher proportion of severe Class III and/or long face patients are
seen for consultation in the Dentofacial Clinic at UNC than one would expect from
their proportion in the general population, while the number with severe mandibular
deficiency seeking treatment is lower than expected.”® This probably reflects the fact
that mandibular deficiency is much more common than the other patterns of
disharmonies, and especially for women, more acceptable because of the baby face
stereotype. Not surprisingly, many more women than men seek treatment for Class III
problems, because that stereotype is more acceptable in men. It is interesting that the

gender distribution is almost equal for the long face pattern. Given that women are

more likely to seek treatment in general, this indicates that a long face is as much or
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more of a handicap to men as to women. How the problem is perceived by the patient
is of great importance. Individuals who perceive their condition as outside the normal
range are more likely to seek treatment, and more likely to accept it if it is offered
than those who perceive themselves as being normal or close enough to normal. %

It seems reasonable that patients who accept treatment, particularly surgical
treatment, would have a different set of motives for treatment or different
expectations for change than those who do not. To test this hypothesis, Kiyak and co-
workers developed a measure of patient expectancies based on the Subjective
Expected Utility (SEU) theory of decision making. This theory assumes that an
individual’s likelihood of choosing a particular behavior (such as a decision about
treatment) is determined by the weight he or she attributes to values (subjective
utilities) associated with that behavior. From thel8-point scale developed for use
with dentofacial patients, only five items (cost, family or friends’ advice, advice of a
dental professional, appearance of teeth and appearance of profile) were necessary to
predict with 80% accuracy whether a patient would accept treatment (surgery and/or
orthodontics) versus no treatment.®’ Patients who made a decision to accept
treatment found the costs to be manageable, received support in this decision from
friends and/or family, and expected improvement in dental and facial appearance. For
those who did not accept treatment, cost was the major factor in most instances, but
negative comments about treatment from family and friends (or a dentist) also often
played a role. It is interesting that the extent of the problem, as judged from

cephalometric radiographs, was remarkably similar in those who did and did not
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accept treatment. >>  Their perceptions, and perhaps their levels of psychological
distress, were what was different.

A second major decision for those who do accept treatment is the choice between
orthognathic surgery to correct a jaw disproportion and orthodontics and/or facial
plastic surgery to camouflage it. Orthognathic surgery is generally perceived as
riskier and more expensive than orthodontic camouflage. Not surprisingly, this
decision is influenced by many of the same factors that were important in deciding
whether to have treatment at all, but their ranking and relative importance are
different. And, again, the clinical extent of the problem was remarkably similar
between the two treatment groups even though ratings of attractiveness by peers and
professionals differed significantly. 3

In a recent study, perceptions of facial features were evaluated in 182 college
students who served as controls, 63 parents or friends of orthodontic patients, and 92
patients being treated for dentofacial problems, 25 of whom had chosen orthodontic
camouflage only.>* As expected, there were no differences in the feelings of the four
groups about their hair, forehead, ears, eyes, nose, cheeks or neck. The surgery
patients, on average, felt more negative about their mouth, chin, profile and smile
than the other three groups. Both groups who chose treatment were more negative
about their teeth than the students or parents/friends groups, but the orthodontic
camouflage group felt even more negative about their teeth than the surgery group.
About 50% of those who accepted surgery felt disadvantaged socially by their
appearance, and indicated that those feelings influenced their decision for treatment.>

Compared to patients who chose camouflage orthodontics, approximately 1.5 times as
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many patients who chose a surgery option reported that self-image issues, appearance
and feelings about themselves, and oral function, were strong motivations for
treatment.”” Thus rather abstract factors seem to play a major role in patients’
decisions about types of treatment and willingness to select more extensive, riskier

and more expensive treatment.

Purpose of Present Study

The purpose of this study was to compare dental changes as measured with
the PAR score from dental study casts of the orthodontic camouflage group from the
time of completion until the 5-year or greater follow-up; to compare the skeletal and
soft tissue changes as measured from the lateral cephalometric radiographs of the
orthodontic camouflage group from the time of completion until their 5-year follow-
up; to evaluate the patient satisfactions with the patient centered surveys matched

against the data from CL II surgical patients.
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2. JOURNAL ARTICLE

LONG-TERM FOLLOW-UP OF CLASS II ADULTS TREATED
WITH ORTHODONTIC CAMOUFLAGE: A COMPARISON

WITH ORTHOGNATHIC SURGERY OUTCOMES

Abstract

Thirty-one adults who had been treated with orthodontics alone for Class II
malocclusion were recalled at >5 years post-treatment, for evaluation of
cephalometric and occlusal stability and satisfaction with treatment outcomes. These
were compared to similar data for long-term outcomes in patients who had surgical
correction of Class II problems. In the camouflage patients, small mean changes in
skeletal landmark positions did occur long-term, but were in general much smaller
than in the surgery patients. The percentage of patients with a long-term increase in
overbite was almost identical in the orthodontic and surgery groups, but Class II
surgery patients (who had more severe problems initially) were nearly twice as likely
to have an increase in overjet long-term. The patients’ perceptions of outcomes were
highly positive in both the orthodontic and surgical groups. The orthodontics-only
(camouflage) patients reported fewer functional or TM joint problems than the

surgery patients, and had similar reports of overall satisfaction with treatment, but
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patients who had their mandible advanced were significantly more positive about

their dentofacial image.

Key words: PAR scores, perception indices, cephalometric measures.
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INTRODUCTION AND BACKGROUND

For non-growing individuals with skeletal Class II malocclusion, there are only
two possible treatment approaches: orthodontic camouflage, based on retraction of
the protruding upper incisors to improve both dental occlusion and facial esthetics
without correcting the underlying skeletal problem; or orthognathic surgery to
reposition the mandible and/or maxilla. Skeletal Class II problems are due to
mandibular deficiency and/or downward-backward rotation of the mandible caused
by excessive vertical growth of the maxilla. Surgical treatment therefore consists of
mandibular advancement, superior repositioning of the maxilla, or their combination.
Mandibular deficiency is the problem in about two-thirds of surgical patients; one-
third require maxillary surgery, either alone (15%), or in combination with
mandibular surgery (20%)."

In one of the few published comparisons of orthodontic versus surgical correction
of Class II problems in non-growing patients, our research group noted that both
orthodontic and surgical patients showed similar correction of the malocclusion
although the camouflage group had slightly greater overjet at one year post-treatment.
The surgical patients, as expected, had a more ideal skeletal relationship, with the
mandible more anteriorly positioned and the lower incisors in a more ideal position
relative to basal bone.

It is interesting that better data exist for long-term outcomes for orthognathic
surgery than for orthodontic camouflage, although many more Class II patients are
treated orthodontically. Surgery patients have been followed carefully because of

concern about condylar remodeling or other skeletal changes that would produce
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relapse, while dental and skeletal stability in nonsurgical patients has not been
evaluated in the same systematic way. Existing data show that during the first post-
surgical year, both mandibular advancement and maxillary intrusion are quite stable
in the great majority of surgical Class II patients. At one year, skeletal landmarks for
both groups were within 2 mm of the immediate post-surgical position in >90% of the
patients in the UNC database, and similar results have been reported from other
centers. Comparable stability for two-jaw surgery requires rigid internal fixation
(RIF), but with it, >90% of the patients are stable during the first year.?

Skeletal changes occur in a surprising number of surgery patients between one and
five years post-surgery, however. Long-term (five year) recall of UNC patients who
had mandibular advancement showed that there was a small but statistically
significant decrease in mean mandibular length (condylion-point B) from one to five
years. It usually is the case that after any type of treatment, a few of the patients have
most of the change, so a better perspective is gained from noting that at 5 years
postsurgery, the mandible is within 2 mm of its immediate post-surgical position in
80% of the patients, while 5% have >4 mm shortening of mandiblar length (Co-Pg).*
These skeletal changes are not necessarily accompanied by occlusal relapse, because
compensatory movement of the teeth often occurs.

To compare this to long-term skeletal changes in adults who did not have surgery,
Schubert et al recalled 33 adults for whom cephalometric radiographs were available
at the end of orthodontic treatment.® Of these patients, 9 had refused a
recommendation for surgery (two chose orthodontics instead) and 24 others received

orthodontic treatment that would have produced dental but not skeletal changes, i.e.,
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they had milder malocclusions and did not require surgery. Although evidence of
skeletal remodeling over a five-year period was observed in these orthodontic
patients, surgery patients had larger changes in most landmark positions and were
more likely to have a decrease in mandibular length. Since both the magnitude and
pattern of change in the non-surgical adults were different from the surgery patients,
the changes beyond one year post-surgery could not be attributed just to normal adult
growth. No data currently exist for long-term changes in a sample of only adult Class
II patients treated with orthodontics alone.

Both occlusal and skeletal stability are important in comparing treatment
outcomes. The PAR method developed in England provides a weighted measure of
the occlusion that takes into account overjet, overbite, midlines, buccal occlusion and
upper and lower anterior alignment.” Al Yami et al used PAR scores to evaluate the
treatment outcomes 10 years out of treatment in 564 adolescent patients (mean age of
12.0 years + 3.1 years at the start of treatment) with a variety of orthodontic
problems.® Their results showed that about 2/3rds of the achieved orthodontic
correction was still present 10 years after treatment. When PAR scores increased after
treatment, about half of the change occurred within the first 2 years. Otuyemi et al
used PAR scores to characterize the relative success of orthodontic treatment in
adolescent Class II patients, and found on recall that 60% remained in the same
category at 1 year and 38% at 10 years. The major factors in increasing scores were
an increase in overjet and deterioration of lower anterior alignment.’

In evaluating treatment outcomes, it also is important to note not only the

“objective” changes measured from radiographs and other records but also the

26




patients’ perceptions. A major reason for seeking orthodontic or surgical correction of
a Class I problem is to improve the quality of life, and this must be evaluated from
the patients’ point of view, not what their doctors measure on physical records. Most
published data on perceptions of treatment are for surgical patients. Although
camouflage patients do not undergo orthognathic surgery, they still have teeth
extracted, their dental and facial appearance changes, jaw function is affected, and the
same methods used to study surgery patients can be applied.

Essentially all long-term studies show that the great majority of surgical patients
are satisfied with their result and would recommend it to others. The major sources of
information are a series of studies carried out in Seattle in the 1980s by Kiyak and co-
workers, and studies at UNC in the 1990s by Phillips et al.'” In both centers, 75-80%
of patients reported satisfaction with their treatment at 4-6 weeks post-surgery, and by
two years nearly 90% were satisfied. Overall, patients were quite pleased with the
esthetic results of treatment, and even at 2 years post-surgery many reported receiving
positive comments about their appearance. In the UNC group, one-fourth of the
patients at 2 years post-surgery agreed that people whom they met for the first time
reacted more positively than new acquaintances had reacted prior to the patients’
surgery. However, 15% said they had expected more change in their appearance than
achieved, even though they reported satisfaction with the results. No data exist to
compare long-term perceptions and feelings of camouflage patients versus surgical
patients.

This project was based on long-term recall of adult Class II patients who had

undergone orthodontic camouflage. It had three goals: (1) compare long-term skeletal
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and soft tissue changes in these orthodontic patients to surgery patients; (2) evaluate
long-term changes in occlusal relationships after orthodontic camouflage, and
compare occlusal stability to surgery patients; and (3) evaluate patient satisfaction
following camouflage treatment, using a similar survey instrument to the one

previously used with surgery patients.

METHODS

1. Subjects

Despite an underlying skeletal problem, orthodontic camouflage treatment, by
definition, is based on tooth movement to correct only the dental occlusion. It
typically requires premolar (occasionally, other) extractions. For this study, we
reviewed charts for all 135 patients in the UNC orthodontic clinic database who were
listed as having orthodontic treatment between 1980 and 1995, for Class II
malocclusion beginning when minimal growth would be expected (females age 17 or
over, males age 19 or older). Of this group, the 74 who had treatment with upper
premolar extractions (alone or in combination with lower premolar extraction) that
had been completed more than 5 years previously, and had complete records
available, were selected for recall. The remaining 61 patients were not included for
the following reasons: 25 had treatment completed but did not have all required
records, 22 had moved or transferred and could not be located, 8 had orthognathic

surgery, and 6 either had compromised tx, declined previous recall or were deceased.
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An extensive search (using Internet-based locating resources) was made to
locate these individuals. Once the patients were located and contacted, they were very
supportive of the study and willing to return to help, especially if their travel costs
were reimbursed. Only two patients were unwilling to return, both of whom cited
distance as a hindrance. Of the 31 (42%) successfully recalled, the average length of
time since the end of orthodontic treatment was 12 years (range, 6.5 to 15.7 years).
From the original sample of 74 patients, 85% were female, but 30 of the 31 recalled
patients (97%) were female.

On recall, complete clinical records (impressions for study casts, intra- and
extra-oral photographs, panoramic and lateral cephalometric radiographs, recall data
form) were obtained, and the patients completed self-report questionnaires on
perception of current problems and satisfaction (described below).

The comparison groups were Class II orthognathic surgical patients for whom

345 and Shubert’s adult sample

long-term previously published data was available,
who either refused surgery or were treated with conventional orthodontics for a
variety of problems.

This study was reviewed by the committee on investigations involving human

subjects and re-approved as a continuation of the project titled: Influences of Stability

Following Orthognathic Surgery.

2. Analysis of Physical Records

As in previous studies at UNC, cephalometric radiographs were digitized

using the UNC 139-point model.? A coordinate system was established, with a line
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through sella rotated 6 degrees down anteriorly from the SN line as the horizontal
axis, and a vertical line through sella perpendicular to it as the vertical axis. Angular
measures were obtained as well as millimeter changes in landmark position as
coordinate changes in this reference system (Table 1). Thus changes relative to the
x,y-axis could be compared to previous studies at UNC of surgery patients and adult
orthodontic patients.

In addition to descriptive statistics, analysis of covariance was used to estimate
the average differences between the camouflage group and the surgically treated
groups. Baseline values, age at the initiation of treatment and the duration of follow-
up were included as covariates and adjusted mean change was compared among the 3
surgical groups and the Class II camouflage groups.

PAR scores were obtained from the final and recall models for the camouflage
patients. Model identifiers were masked and the models were scored in a random
sequence determined by a random number generator. The PAR scoring was
performed by a research associate who had been trained and calibrated. A random 1/3
(32%) of the camouflage casts were reanalyzed 2 weeks later to determine intra-
examiner reliability. The intraclass correlation coefficient for the unweighted PAR
summary score was 0.97, confirming the reliability of the technique, and the mean
difference between repeated scores was not statistically significant (paired t-test —
0.83; p= 0.42).

Since most of the UNC Class II surgery patients did not have long-term study
models but did have intraoral photographs including lateral incisor views on which

overjet could be measured, we calculated a “Photo PAR” score for 14 randomly
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selected surgery patients. Using the same procedure for the camouflage patients for
whom both standard photographs (excluding the lateral incisor views) and casts were
available, we verified that consistent scores for all PAR components except overjet
could be obtained. This had been measured clinically for the surgery patients and
could be verified from their lateral incisor photographs. Repeated measurements on
photos for both the camouflage and surgery groups showed that the photo scores were
reproducible. This allowed at least a rough comparison of long-term changes in PAR
scores in surgery and camouflage patients.

For the PAR scores, paired t-tests were used to compare the initial and final

values.

3. Analysis of Patient Perceptions

At the recall appointment, 27 of the 31 orthodontic Class II patients completed
the three self report questionnaires developed by Phillips and Bennett. 1% The Facial-
Image (FI) scale is a 16-item questionnaire that asks the respondent to rate each facial
feature from (1) have strong negative feelings to (5) have strong positive feelings.
Two subscales are scored. The Dentofacial subscale is sensitive to appearance
changes that can be affected by different treatment approaches. The Cosmetic Scale
includes facial features that are not treatment-dependent. The second questionnaire,
Problems with Occlusion and Function (PSPOF), consists of 21 statements and is
rated in a 1 to 5 agree/disagree format. Two subscales are scored: Dentofacial
Concerns and General Health Concerns. Satisfaction (SAT) is a 16-item instrument

developed by Phillips and Bennett, on which three subscales are scored:
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(Inter)Personal Outcome; Functional Outcome; and Preparation/Knowledge
Satisfaction. The item content for the Preparation/Knowledge subscale was modified
slightly from the context used with surgery patients. Each item was presented as a
statement rated on a seven-point scale from “disagree strongly” to “agree strongly”.
The camouflage patients were compared to all UNC Class II surgical patients
who had completed long-term perception survey instruments. These patients were
not the same groups Schubert used for the cephalometric portion of our study.® The
long-term responses of the surgery and camouflage groups were compared using

Cochran-Mantel-Haenzel row mean score test.

RESULTS

1. Cephalometric Changes in the Camouflage Patients

Mean changes for the Class II camouflage patients during treatment and on
long-term recall are illustrated in Figures 1 and 2, and tabulated data are shown in
Table 1. As one would expect, the treatment changes were largely retraction of the
maxillary incisors. Long-term changes were quite small. Eruption of the lower
incisors, leading to an average increase in overbite of 1.1 mm, was the largest mean
change.

In clinical studies, a few patients usually show most of the change, so
descriptive statistics based on the normal distribution can be misleading. For the
camouflage patients, however, significant changes in skeletal landmarks were not
observed. None of these patients showed >2 mm change in points A, B or pogonion.

The cephalometric data for the camouflage patients can be summarized as showing
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almost no relapse changes except for overbite. Pearson correlation coefficients
showed no relationship between the length of time to recall and the changes from end

of treatment to follow-up.

2. Comparison of Changes After Class II Camouflage to Other Treatment

As Table 1 shows, the differences in mean changes between the camouflage,
general orthodontic and surgical groups were small. Analysis of covariance showed,
however, that there was a statistically significant difference in mandibular landmark
positions between the orthodontic and surgical groups. In all groups, (if it changed at
all) the mandible tended to come forward and downward, but there was a significantly
greater chance of movement (growth?) in the nonsurgical groups.

This is clarified by Figures 3-5, showing the percentage of patients in each
group with >2 mm change in landmark positions or dimensions. Note (Figure 3) that
backward movement of the chin and points A and B occurred only in the surgery
groups, but forward movement of point B and Pg also occurred in all three surgical
groups, and forward movement of Pg was as likely as backward movement after
mandibular advancement. Forward movement of all three landmarks, and of the
incisors, occurred in 15% of the general orthodontic patients but in none of the
camouflage patients, who were remarkably stable. Long-term vertical changes
occurred in more surgery than orthodontic patients (Figure 4), with one-fourth of the
patients who had maxillary surgery showing downward movement suggestive of

continued vertical growth. Incisor changes were smaller than skeletal changes. It is
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interesting in examining Figure 3 and 4 that what is not there is important: no patients
in the camouflage group had any long-term changes greater than 2mm.

Overjet was stable in both orthodontic groups (Figure 5), and showed a long-term
increase in 10% of the 2-jaw surgery patients, 15% of the maxillary impaction group,
and 20% of the mandibular advancement patients. In contrast, overbite increased in
10-15% of the patients in both the orthodontic and surgery groups. Note that the
percentage with overjet changes is much greater than the percentage with changes in
the ANB angle, i.e., this long-term change in the surgery groups was due more to
tooth movement than skeletal change. The greater change in mandibular plane angles
for the surgery patients is consistent with continued remodeling at gonion after
surgery. Mandibular length, as measured from condylion to pogonion, decreased in
5% of the orthodontic patients and increased in 10%. The percentage of surgery
patients with a decrease in length was greater, but nearly as many surgery patients

showed an increase in mandibular length as a decrease.

3. PAR Scores

PAR scores for the Class II camouflage patients at the end of treatment and on
long-term follow-up are shown in Table 2, along with the “Photo PAR” scores for the
subsample of surgery patients. For the camouflage patients, there was a small but
statistically significant increase in average score from final to recall (p<.001), but the
score improved (decreased) in 4 individuals. Lower incisor irregularity increased in
55% of the group. In contrast, buccal occlusion was likely to improve: one-third of

the patients (38% left, 31% right) had a lower score long-term.
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Although the surgery patients had more severe skeletal problems initially (see
discussion), at the end of treatment, both the weighted total scores and the amount of
change from end of treatment to long-term were remarkably similar for the
camouflage and surgery patients. The limited comparative data showed no indication

of major differences in occlusal stability.

4. Perception Data

Results from the perception survey instruments are illustrated in Tables 3-5,
which show the percentage of patients with a strongly positive response to selected
items (5-7 on the 7-point scale of SAT; 4-5 on the 5-point scales of PSPOF and FI).
Questions that appeared on both the camouflage and surgical versions of the forms
were analyzed.

Satisfaction (SAT) (Table 3). Satisfaction scores for the camouflage patients

were quite high. Perhaps the most sensitive indicator of satisfaction is reflected by
willingness to undergo the same treatment again, knowing how it turned out, and 92%
of the camouflage group were strongly positive. Nearly all were pleased with the
change in their appearance, but only one-third agreed strongly that they could eat
more easily.

Comparison with the surgery groups shows greater long-term satisfaction for
the camouflage patients in almost every category, despite the positive numbers for
satisfaction in the surgery groups. The only statistically significant difference,

however, was that the maxillary impaction surgery group was less positive than the
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other groups for the interpersonal outcomes sub-scale (Cochran-Mantel-Haenzel
statistics based on table scores, p<0.001).

Perception of Occlusion and Function (PSPOF) (Table 4). Only a few of the

camouflage patients perceived functional / pain problems. Although 15% felt that
their front teeth did not fit properly, none complained that they could not chew food
well. Of the 18% of the camouflage patients who reported pain in their TM joints,
over half reported pain in jaw muscles as well.

These numbers also compare quite favorably to the surgery patients. Scores
for occlusion and function were similar, except that the maxillary surgery patients
were more likely to feel that they could not chew food well. In all three of the surgery
groups, reports of TMJ-related problems and pain / discomfort were two or three
times more prevalent than in the camouflage group, and the difference between the
surgery and camouflage patients was statistically significant (p<0.01).

Facial Image Index (FI) (Table 5). The facial index can be broken into two

subcategories, cosmetic image and dentofacial image. Half to two-thirds of the
camouflage patients responded quite positively to the cosmetic image items (which
their orthodontic treatment would not have influenced), and the frequency of positive
responses were only slightly larger for the dentofacial items that would have been
affected. For the mouth, half (48%) of the camouflage group gave the highest
possible score of 5 on the 5-point scale, and 41% scored their teeth at 5.

On the cosmetic scale, the camouflage patients’ frequency of positive items (4
or 5’s on a 1-5 scale) were scored at or slightly below the level for the surgery

patients. It is interesting that facial skin tone was rated most positively by the
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maxillary impaction group and least positively by the camouflage group, although
hard tissue support for the soft tissue facial mask would have been decreased by both
types of treatment. Intermediate scores were reported by the patients who had
mandibular advancement, which would increase soft tissue support and should have
tightened the skin. Advancing a deficient mandible improves chin-neck contours, and
the mandibular advancement patients did report higher positive feelings in this area.
For the dentofacial scale, both groups of patients who had mandibular
advancement were much more positive about their chin and profile than the
camouflage patients, as one would think they should have been, and this difference
was statistically significant (p<0.005). There was no difference between the maxillary

impaction and camouflage patients.

DISCUSSION

It is important to keep in mind that patients treated with orthodontic camouflage
have, in general, less severe problems than those treated surgically. As Table 6
shows, the camouflage patients that we studied had less severe malocclusion initially
(overjet and overbite) and smaller jaw discrepancies than Class II surgery patients.
Despite the initial differences, jaw relationships and dental occlusion were similar at
the end of treatment, so both types of treatment largely met their treatment objective.
The amount of change produced by treatment was larger in the surgical groups, and
they experienced a component of skeletal change that the orthodontic patients did not.

The greater amount of treatment change in the surgery groups probably

contributed to the greater prevalence of post-treatment change. Cephalometrically, the

37




camouflage patients were quite stable long-term, except that 10% had an increase in
overbite that could be attributed to eruption of lower incisors. Relapse in the form of
>2 mm long-term increase in overjet was not observed. The percentage of patients
with an increase in overbite was almost identical in the surgery and camouflage
groups, but an increase in overjet occurred in 10-20% of the surgery patients. Since
for them skeletal change rather than tooth movement was the major factor in reducing
overjet at the time of treatment, it is surprising that the post-treatment changes were
as likely to be due to tooth movement as to skeletal relapse. Perhaps this reflects
greater changes in relationships between the incisors and the facial soft tissue mask in
the surgery group, but the surgery patients are stable during the first post-treatment
year and show changes after that, and soft tissue pressure changes would be expected
to affect tooth position more quickly during the first year. Previous reports have noted
that skeletal changes in surgery patients are not necessarily reflected in the occlusion,
and changing dental / soft tissue relationships probably do contribute to dental
compensation for skeletal change when it occurs.

It is interesting that by no means all the skeletal changes in these adult patients
were in a relapse direction. Continued growth of the facial skeleton has been
appreciated for years now, but it still is surprising to see how much long-term change
can occur in ways consistent with continued growth, in patients who are expected to
have little or no growth potential. Forward movement of facial landmarks was
observed in 15% of the long-term camouflage group, and one-fourth to one-third of
the surgery patients showed what appear to be growth changes, i.e., downward

movement of the maxilla and/or forward movement of the mandible. Do the data
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suggest that late growth is more likely in patients with the severe problems that are
selected for surgery, or is this another reflection of skeletal responses to greater soft
tissue changes in surgery patients? There is no way to be sure at present.

For occlusal stability, lower incisor alignment is the weak link, and retainer wear
is obviously an important factor. This study showed that slightly over half the
camouflage patients had a long-term increase in incisor irregularity over time, and
this was true of 50% of the surgery patients as well. Al Yami et al® showed that the
11% of their large sample who had bonded lower retainers had better alignment at 5
and 10 years post-treatment even if their initial PAR scores were higher. Our
camouflage sample had 10 of 31 patients (32%) with bonded lower retainers, and the
randomly-selected surgery patients selected for evaluation of PAR scores had 3 of 14
(21%). Of the patients with bonded retainers on long-term recall, 3 had minor
slippages of one or two contacts, and the rest had no change in this component of the
PAR score.

The extent to which retainer wear influenced changes in PAR scores is difficult to
determine, but it seems likely that this would have an effect. Two of the camouflage
patients specifically stated that they only wore their retainers for a few months and
then quit wearing them due to “the hassle”, while on the other end of the spectrum,
three patients were still wearing both retainers every night, 10 years or more out of
treatment.

In evaluating patients’ perceptions of treatment outcomes, it also is potentially
important that the camouflage group was so overwhelmingly female. The great

majority of the older Class II patients in the orthodontic clinic are female (there are
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relatively more females receiving late Class II treatment than for adolescent or
preadolescent treatment), and all but one of those who were successfully recalled
were female. The majority of Class II surgery patients also are female, but the surgery
groups were 25-30% male. Within the surgery groups, no gender difference in
response to the survey instruments has been detected. We simply do not know
whether this also would be true for camouflage patients. |

The camouflage group overall were very satisfied with their treatment and had
fewer functional and TM joint problems than any of the surgical groups. They were
positive about aspects of facial appearance that was not affected by treatment as well
as those that were, and in most respects as positive as the surgery patients, except that
the mandibular advancement group had 20-25% more patients feeling positive about
their chin. Similar findings were reported by Kiyak et al in the 1980s, who noted that
even though Class II camouflage patients were aware of differences in chin
projection, the great majority were pleased with the outcome of treatment."!

From our perspective, these data show that properly-selected patients for
orthodontic camouflage treatment are as or more likely to be satisfied with the
outcome of treatment as those who receive surgery. Proper selection of patients, of
course, is neither simple nor easy. When alternative treatment approaches are
possible, the ratio of benefit to risk must be considered for each procedure. For
orthodontic camouflage versus surgery, the important decision is whether the greater
improvement in dentofacial image that is possible with surgery would be worth the
increased cost and risk. The risks of surgery obviously can be much greater than those

of a non-surgical approach. The most common surgical risk is decreased sensation of
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the lips, whereas with camouflage patients the greatest risk appears to be resorption of
maxillary incisor roots as they are retracted and torqued against the lingual cortical
plate. The ideal patient for camouflage should have reasonably good facial esthetics
initially, with overjet created more by maxillary incisor protrusion than mandibular
retrusion. The more severe the mandibular deficiency and the greater the overjet, the
greater the need for surgery to obtain satisfactory clinical correction.

How the patient perceives the severity of their problem definitely is a factor in the
decision to proceed with surgery versus camouflage treatment. There is good
evidence that, however a patient would appear to an outside observer, the more that
individual perceives herself (or himself) as normal, the more likely (s)he is to choose
orthodontics alone and to be satisfied with the outcome. Conversely, patients who
perceive themselves as outside the normal range are more likely to prefer surgery and
to be dissatisfied with tooth movement alone.!' Problem severity cannot be evaluated
just from cephalometric radiographs, dental casts and other physical records.

In the modern world, when alternative treatments are available, the doctor’s role is
to provide the information a patient needs to make an informed decision. Use of
computer image predictions of outcomes can help patients visualize the effect of
surgery versus camouflage, and existing data now show that the benefits of using this
approach with patients outweigh the risk of arousing unrealistic expectations.'®"® This
is an excellent way to involve the patient in the decision as to the preferred mode of
treatment and to evaluate what the patient perceives—an essential part of proper

selection of patients for camouflage or surgery.
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Table 1: Comparison of Mean Cephalometric Changes

Table 1

Comparison of mean changes of camouflage adults
to orthodontic adults and surgical patients.
(Post-Treatment to long-term recall **)

Orthodontics only

Surgery

ANS
PNS
Point B
Me

Pg .
Go

Co

Mxinc
MxMol
Mdinc
MdMol

Horizontal changes (mm)

00507 057

012 046  -0.10 0.61

005 033 018 053

003 08 035 103

009 07 050 097 .
021 0.78

0.11:1.09
-0.15 1.22

011 0.94

0.14 1.09

0.64
0.60
081
1.39

1.36

059

..088

1.68

1137 od2
250
145

2.29

Adult CI I * Adult *Maxillary *Mand *Two-Jaw
o Camouflage _General Tx . Impaction Advancement o Surgery
N : 3 ' 33 49 {385
Mean SD Mean SD Mean  SD Mean  SD Mean  SD
Vertical changes (mm) e e e e e
Point A 019 086 002:-055 . . 073 203..012 .148

0.74

1481

2.51

ANS 0.03 048 047 095 - .014.72057

PNS I ,..0.01 047 023 082  -097 297

Point A 005079 - 048 0.80 . +012 . 119

Point B __4“-0.04 085 046 123 =067 1.71 ..0.12  1.88
Pg R . -0.03:096 . 062 1.24 .0.89 - 209;1‘

GO ...001 108 027 106

Me ‘ 0,087 127 054 125,

Co .. —_— 017 122 ~ -006 089

[Mxinc 0.00° 086 - 050121 o1

Mdinc .023 091 026 123 -047 75 .-051 160~ -110 1.36
MxMol 0.09° 141 091182 020 246 071 23 '
MdMol -0.01 094 0.67 1.68 -0 47 248

Dimensional changes s+ e e e e

Overjet (mm) 056 -05.  017. . 033 1.15-:-..026 .1,
Overbite (mm) _110 o067 054 107 050 129

SNA (deg) 10050102 . 010068 001 i}

SNB (deg) | 041 077 019 082 031 092

ANB (deg) v 004 110 5 0,09 058 7025 4347

PalPl (deg) 012 069 -0.28 0. 001 220

MdPI (deg) 0.08 135 ... 031 141,195

TFH (mm) ...0.15 076 056 1 ....166 163

Ar-B (mm) 013 077,062 T0.08 1730

Co-B (mm) 015 085 047 098  -014 184  -0.89 1.9
Co-Go (mm) £ 0237119 044 A1 205 041 B
Co-Pg (mm) 0.31 0.86 0.59 091 -0.05  2.02

Vertical changes: Negative value indicates superior movement; positive value indicates inferior movement.

Horizontal changes: Negative value indicates posterior movement; positive value indicates anterior movement.

Dimensional changes: Negative value indicates a decrease; a positive vlaue indicates an increase.
* Data obtained from Schubert et al. (reference 6)
** Mean Follow-up length in years: Camouflage 12.0 + 2.8; Ortho 6.9 + 3.7; Mx Imp 6.8 + 2.3; Md Adv 5.9 +1.1; Two-Jaw 6.5 + 2.1.

** Post-treatment for surgical patients begins at 1yr post-surgery
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Table 2: Comparison of Mean PAR Scores

Table 2

Comparison of Mean PAR Scores of
Camouflage Adults to Surgical Patients

Class Il Camouflage

End Tx

SD

Long-term

Class Il Surgery

SD SD Long—term

English .
American

UA
LA
RB.
LB
oJ
OB
ML

UA
RB .
LB
oJ
0B

Weighted Total:

LA (notscored)

English weighted Components:
Hed Componerts 55"

0.48

T
..885 521

186 2.
0.30 0.

- .0.10

American weighted Components:

0.27

297190
164

o278

10.56

3.24

1.55

0.40
0,10

2.35

985
_10.97

207

610 170
o664 ... 8

2.1

1.24

031"

343 .
170 o0
093 04

UA = Upper Arch,
LA =Lower Arch

ML = Midline

RB = Right Buccal
LB = Left Buccal

PAR Weighting

English American

UA
LA
RB

“ X1 e

x1

not scored

LB
o
OB -

ML

x6

x4

OJ = Overjet
OB = Overbite
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Table 3 Satisfaction (SAT) Index

Table 3 : Satisfaction (SAT) Index

Percent at extreme (strongly positive)

Orthodontics only Surgery
Adult Cl ll Maxillary Mand Two-Jaw|
Camoufiage Impaction Advancement

n : UL e 21 S24 e 08

g et . - ‘nter erSOna' OUtCOmeS RN e = = e 3y e ey
Receive positiva comments since treatment B9 e

Pleased with change in appearance

Delighted how much better | fook -1 ... . .88

Like what | see in the mirmor .. i i
s eor oo e EUDCYiONAI OUtCOMES
Eating Is much easier. . . i

Can Chew Better Tt
[ .11 S
Recommend treatment to others

. Mean SD Median . Mean SD Median . Mean::SD Median .. Mean 'SD Median

Subscales Scores. ...

Interpersonal outcomes . 5B 09 60 . 45 14 43 . .5214 .82 . 64

Functional outcomes ~ . .. 46 1.3 ... 43 . 48.20 50 . .. 5216 6205114 50
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Table 4 Perception of Occlusion and Function (PSPOF) Index

Table 4 Perception of Occlusion and Function (PSPOF) Index

Percent at extreme (strongly positive)

Orthodontics only Surgery
Adult Cl I Maxillary Mand Two-Jaw
Camouflage Impaction Advancement Surgery

ncoo .28

Questionnaire item L
Occlusion and Function

IFront teeth stick out too much

Have a deep bite

Have an open bite

Front teeth do not fit properly

Can not chew properly -

Posterior open bite ‘

Back teeth do not fit properly

Can not chew food well

TMJ Related groblem )

Jaw hurts when mouth open wide > - . 4.
Jaw moves sideways when opening 4
Jaw makes grating/grlndmg noise -4
Can not open mouth wide o
Jaw pops/chcks 14
in, Discomfort or Soren
Paln in temples 4
Pain in jaw joints 18
Pain in jaw muscles 1.
Pain in ears 7
Subscales Scores " Mean SD Median_ Mean SDMedian |
TMJ related problems . . 1508 .10 21708 18
Function/occlusion problems. 1907~ 17 ~ 20 09 - 18"
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Table 5 Facial Image (FI) Index

Table 5 Facial Image (Fl) Index

Percent at extreme (strong positive feelings)

Orthodontics only
Adult Cl I

Camouflage

Surgery

Maxitlary Mand

Impaction

Advancement

n

Questionnaire item

.28

. Cosmetic Image
Hair o

Forehead . .. ST 57

Nose U 7
Lips . .. Y A
Facial Complexion e ‘

Neck

Eyebrows ... -3

Cheeks/Cheekbones .70
Facial skin tone ™ ‘ ;

Dentofacial Image =~ .~

Mouth
Teeth .

Chin a8
Profile e B2Y

Smile 74

Subscales Scores

Total Facial Image scale . ... ..3.807 .38 . .

Dentofacial Image ~ . .

CosmeticImage . . . . ..,.3807 37

_Mean' SD Median

3908 40

‘Mean_ SD. Median

ag 07

U39 14106 . 4

.. 3510

40086

37 A

40
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Table 6. Comparison of Mean Initial Cephalometric Measures.

Table 6 Comparison of mean initial cephalometric measures
5 ; Camouflage Adults* and Surgical Patients.**
Adult Cl I Maxillary Mand Two-Jaw
Camouflage Impaction Advancement Surgery
%Female, .~ . ... . 84
; T TIe
Measurements
Overjet(mm) . . 431 .179. .  6.03 344
Overbite (mm) 313 130 = 025 322
SNA(deg) - . =~ 8264 407 . . 78.87 3.59
SNB(deg) =~ 7714 378 = 7302 422 74
ANB (deg) - - - 550,180 0 3.92:2585 .0
MdPI-SN (deg) 3392 706 4454 6.78
MxInc-SN (deg) .. 105.11 . 9.32 °  102.02 8.30
Mdinc to MP(deg) 103.48 8.02 96.18 6.47

* initial cephalmetric measures for camouflage patients
* pre-surgical cephalmetric measures for surgery patients
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Figure 1. Superimposition of camouflage patients’ mean treatment changes.
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Figure 2. Superimposition of camouflage patients’ mean post-treatment changes
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Figure 3. Vertical Changes among Surgical and Non-Surgical Patients.
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Figure 4. Horizontal Changes among Surgical and Non-Surgical Patients..
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Figure 5. Dimensional Changes among Surgical and Non-Surgical Patients.
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3. APPENDICES (additional data not contained within the Journal article)

Sample Selection.

The specific criteria needed to be included as a camouflage patient in the study
sample:

A. Age: In order to limit growth as a factor in previous treatment, patients were
selected based on the following categories: Females > 17 years old at the start of
treatment and Males >19 years old at the start of treatment.

B. Patients were identified as having a class II skeletal or dental malocclusion.
Treated with extractions (ideally premolars, but not exclusively) as a camouflage
treatment pattern to mask an underlying problem.

C. Patients were at least 5 years out of treatment and must have had all the
appropriate records taken at the initiation of treatment, at the completion of treatment.
These records included: panorex, lateral cephalogram, study models and clinical
photos and appropriate charting).

Recall Efforts.

Patients were contacted by telephone and scheduled a routine 5 or more year recall
appointment in the Orthodontic clinic at UNC. The following data was collected:
Impressions were taken for study models, which were used to look at the irregularity
index (PAR Score) as an indicator of relapse, charting was completed on the UNC

orthodontic yellow recall form (Appendix 1and 2), intra and extra-oral clinical digital
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photographs, a panograph and lateral cephalogram were completed and finally three

perception questionnaires and one data form were completed (Appendix 3-7). The
first questionnaire (Appendix 3) updated their personal data and asked specific
questions about their treatment options at the time of their case presentation.
Additionally, they were asked if surgery was ever offered as a treatment alternative.
The next 3 surveys (FI, PSPOF and SAT) (Appendix 4-7) were the same 3 surveys
used with the orthognathic surgical patients. These surveys were used to compare our
patients to patients having undergone surgery for Class II correction.

Facial Image (FI): This 16- item instrument evaluated the patients’ level of post-
treatment dental and cosmetic changes and whether overall esthetic changes are
viewed as positive or negative.

Post-surgical perception of occlusion and function (PSPOF): This 17-item
instrument assessed the patients’ perception of their dental occlusion and jaw function
post orthodontics or surgery (if used on surgical patients).

Satisfaction (SAT): This 25-item instrument evaluated the patients’ level of post
treatment contentment with the changes, and their perception of how well they were

prepared, and if overall the experience was positive or negative.

The specific measurements included in the English PAR weighting system

Par Components are listed in Appendix 8.
Descriptive Statistics for camouflage patients’ final to recall models.

See Appendix 9
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PAR Score Reliability of camouflage patients’ models.

19 (32%) of the casts were randomly selected (from final and recall casts) by
the primary investigator (cam) and compared to the score received when first
examined using the PAR method. These casts were masked of identification
information and distributed to the examiners. At least 2 weeks elapsed between
measurements of a given cast. The intra-examiner reliability is shown in Appendix
10. The individual PAR score components for these repeated models are listed in
Appendix 11 for ease of comparison to the first measurement. Using the un-weighted
PAR scores to assess reliability, the overall raw percentage agreement ranged from
79% to 100% for the 7 score components that make up a PAR score Appendix 12.
Overjet and midline were identical indicating excellent reliability. The percent
agreement and weighted Kappa coefficient ranged from 0.8 to 1.0, with anything
above 0.45 as acceptable and above 0.75 as ideal.

The interclass correlation coefficient for the un-weighted PAR summary score was
0.97, confirming the reliability of the PAR scoring technique used by the examiners.
The difference in the un-weighted sum showed a mean difference of —0.15, thus there
is only a small difference between the means, which is the desired outcome. The
mean difference between repeated scores was not statistically significant (Paired t-
test: -0.83; P value 0.42). This high P value showed there is no difference between
the means and again gave the desired outcome of no difference between the repeated

scorings of the camouflage patient’s models.
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Photo PAR Score Reliability of camouflage patients

In order to later quantify the surgical patients photos (since they had no models), a
method was developed to verify that a photo PAR scores did in fact give a similar
score to PAR scores done on the camouflage patient’s models. Once this Photo PAR
was verified, it could be used on the surgery patients who only had photographs.

All 26 sets of recall clinical photos of the camouflage patients were re-scored by the
same examiner at least 2 weeks after the first scoring. The photos were loaded into
Dolphin Imaging and scored while looking at the routine clinical layout of 3 extraoral
photos (Serious, smile and profile) and the S intraoral pictures (frontal intraoral, right
and left buccal shot and a maxillary and mandibular occlusal picture). Due to the
nature of buccal photographs, only the first molars were evaluated and OJ on these
photographs was not evaluated. The intra-examiner reliability is shown in Appendix
13. The overall raw percentage agreement ranged from 85% to 96% for the 6
individual un-weighted components that make up a PAR score. The weighted Kappa
coefficient ranged from 0.88 to 0.95, indicating excellent reliability (Appendix 14).
Looking at the un-weighted sum of all the individual components, the interclass
correlation coefficient was 0.97. This high level of correlation showed that our repeat
photo PAR scores were very consistent for the camouflage patients. Now it had to be
determined if this was an effective method for PAR scoring our Class II surgical

patients who only had pictures.
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PAR Score Reliability of Surgery patients using Photo PAR

The surgical patients had their final photos and recall photos (5 or more years),
PAR scored on 2 occasions. The reliability ranged from 0.59 — 1.0. Additionally the
un-weighted sums for both the final pictures and the recall pictures showed the Paired
t-test values to be not significant and thus no difference in reliability between the 2

scorings of the Picture PAR scores for the surgical patients. See Appendix 15.

Par Score Reliability of camouflage patients’ models to photo PAR scores.

Now that the reliability was confirmed for the camouflage patients model to
models, and pictures to pictures and the surgical patients pictures to pictures, it»was
time to compare the camouflage patients’ models to pictures, so that any changes in
the surgical patients’ picture PAR scores could be used to see long term changes.
Appendix 16 shows the scores for the camouflage patients on both the models and
new photo PAR scores. Since OJ could not be easily measured on the photos, this
component was removed from the original PAR scores on the models to have a more
comparable EWS between the photos and the models.

Since the camouflage recall patients had both models and pictures, this photo PAR
score was tested for accuracy. The PAR score components for the final model
camouflage versus the photo PAR camouflage are listed in Appendix 17. (Note: this
table does not include overjet). The reliability of the buccal segments is difficult to
interpret on the photos and tended to be interpreted as a good buccal occlusion when
in fact the models showed more accurately that certain segments did not interdigitate

as well on the models.
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Although the photo reliability was good when comparing pictures to pictures, and
the model PAR was reliable when comparing models to models, the model to photo
scores showed an obvious bias. Appendix 17 shows that the left and right buccal
segments were not reliable, and OJ could not be scored on our camouflage patients
since they had no OJ pictures. Overall, this Photo PAR score for the surgical patients
would be useful only to give an indication of areas of change over time, but not a
precise measurement.

Dental Occlusion Changes over time for camouflage patients.

Looking at the English weighted Total PAR scores for the final to recall data,

Appendix 18 gives the Univariate Procedure, which shows the change in the total
score (EWS) ranged from +15 (indicating relapse) to —3 (improvement). Since OJ is
weighted with a factor of 6, this was a major contributor to a negative change.
Appendix 21 shows the camouflage group to have a statistically significant difference
over time in the following components: UA, LA, OJ, OB and EWS.

Dental Occlusion over time for Surgery patients

The actual PAR score components for the final pictures and recall pictures for the
surgery patients are listed in Appendix 19. Additionally, Appendix 20 gives the
descriptive statistics for the English weighted score for the Final and Recall pictures
for the surgical patients. Note that unlike the camouflage patients for whom no
overjet photos were taken, the surgical patients had overjet pictures. This allowed OJ
to be scored using <4mm as a score of 1 and >4mm a score of 0.

Looking at the individual PAR components on the surgery patients from the time

of final pictures to recall, only 1 of the 8 components (lower arch alignment p=0.028)
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showed a statistical significant change over time. (See Appendix 21). It is interesting
to see that the PAR component of LA is the same one that changed over time with the
camouflage group. EWS was close to being significant in this group (0.07), and in
the camouflage group it was significant. |

Looking at the English weighted Total Photo PAR scores for the final to recall

data the Appendix 22 gives the Univariate Procedure. The change in the total score
| (EWS) ranged from +9 (indicating relapse) to —2 (improvement). Since OJ was
evaluated in the previously described modified form, when multiplied by the EWS

factor of 6, it could only be multiplied by 0 if <4mm of OJ and 1 if >1 mm of OJ.




Appendix 1. Retention Form (Front)

UNIVERSITY OF NORTH CAROLINA

SCHOOL OF DENTISTRY | PATIENT NAME:

POSTDOCTORAL ORTHODONTIC CLINIC

RETENTION EXAMINATION RECORD NO:
[JOneYear [JTwoYear [ JFiveYear [JTenYear [l Other (specify) __
Retainer in Use: [ INo [} Mx Fixed (L] Mx Removable

("] Md Fixed [] Md Removable

INTRAORAL EXAMINATION:

Localized [} Generalized
Mild [] Moderate [ severe

Root Resorption: | No ]
Extent: L}

Maxiltary Alignmert: [ |Normal [}spaced [(ICrowded
[T<3mm  []36mm  []>6mm

Mandibular Alignment: [ |Normal [ }Spaced [Crowded
[]< 3mm [ ]3-6mm []> 6mm

Midlines: [ICoincident  []Deviate < 3mm [} Deviate 3mm or more
Transverse: [JCorrect [T]X-Bite Tendancy [} X-Bite
Mandibular Shift: [ )No mm AP mm Trans. mm Vertical

AP Relationship: [ |Class |

itnotClass I, Molar: [ ]Class I [lcCiass it {"}Subdivision
Canine: [ |Class I [JClass i []Subdivision
Overjet: __ mm (-indicates raverse overjst)
Overblte: ___mm (- indicates openbite)
Posterior Open Bite: [ JNo [} Yes
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Appendix 2. Retention Form (Back side)

RETENTION EXAMINATION Paga 2

MASTICATORY AND FUNCTIONAL EXAM:

Maximum Voluntary Opening: mm Maximum Forced Opening: _____ mm
Deviation: [ [No [ ] Yes Deviation: [INo [ Yes
Pain: [INo [] Yes Pain: [ JNo [ Yes
Sounds: [} No [ | Click {] Crepitus
Tenderness on Palpation: | | No []Yes
If Yes, where? | | Temp. [.] Mass. ["1Lat. Lig. of TMJ
History: [1No [] Yes
If Yes, {7} Pain [} Dystunction (Specify)
Habits: [INo ('] Past [] Present
If Yes, [Tup [JThumb [ | Other {Specify)
SIGNATURES: e e Date: _/ [/
Pint Narms of Atending
" PrntMameof Examining Resident  RewdantMo.  Signature of Examiniog Pesldent
GORTH:FORM # Revised 3/92

64




Appendix 3. Data Form

UNC Dentistry
Department of Orthodontices
Cumpus Box 7450,

Chapel Hill, NC 27599-7450
(919) 966 4428

On behatf of the Onthodontic Department, we want to thank you for helping us with our
continuing rescareh project to help the science of Orthodontics. We know your time is
valuable and appreciate your return to the school 10 help us take records, which are at
least $ years past the completion of your treatment. Your reeords are part of o long 1erm
study to see the etfects of treatment, and help improve treatment for the future.

In order to keep our data corrent please could you provide us with an upddated address and
phone number.

Name
Home
Address
Ciy

lome phone

o Sl;u’c

Work
Address
City

Loste o Wurk phone

Someone who will always know where you can be reached, Nanmie,
Addres
City

State Phone

We are very interested in knowing what your expectations were prior to treatment and
how you felt at the conclusion of treatment, W are asking you to please complete the
attached surveys and the gquestion below. (This should take Jess thun 10 minutes)

Question #1

‘Thinking back on when youn came to the Orthodontic Department for your treatiment plan
presentation (the appointment after all your records were collected), du you remember
any options given 10 you besidus the plan you were treated with?

Yes™NO and deseribe briefly.

D30 you remember ever bemg given an option for surgery to move either of you jaws?
Yes'NO
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Appendix 4. Satisfaction Form

UNIVERSITY OF NORTHGAROLINA | DNumeer: [ [ [ [ ]
SCHOOL OF DENTISTRY e
PATIENT PERCEPTION
SAT - Orthodontics Only DATE: HEERNEEN
Study: @ Ortho
Visit (O End of Ortho O I | ' ¥rs Post-Treatment
instructions: For each of the quastions betow FILL IN THE CIRCLE COMPLETELY which bes! describes the foolings
you have TODAY about the orthodonlic reatment you have had.
Strongly Strondy
Dismree Haglral daree
a. Ealing is 50 much easier for me now thal my orthodontic OO0 00000
treatment is over.
b Evan oa0oie wha dont khow e el Fave fiade posiiive R OO 5 O & Ob\ O
comments about my appearance since my orthodontic treatment i
has been completed.

c. | really thought that orthodontic treatment would improve my 00000

appearance more than it did.

"d. if | had to make the decision é&éiﬁ: 1‘6365':665&5&@0@ ssme 0 000000

o
O

~ orthodontic treatment. R o
€. | can chew much better now that | have had onhodonuc {reatment. O
(@]
O

o}
0C0000O0
o

o

1. The way ‘that orthodontic treatment changed my appearance is Odb ) O 40‘
exaclly what | expected. e S
g. | would recommend orthodontic treatment to others. O 0 OO0 O
h, Now that my orthodontic treatment s over, myteath rea!tfﬁtvwwww O O O FO O C) O
| together well. R e e e e
i. When 1 look in the mirror, | am really pleased with theway that O O O O OO0
orthodontic treatment has changed my appearance.
] { am unhappy with the resul!s ol my orthodonuc lrealment 0 o O D
k. | can bite into foods better than t could before ordhodontic treatment. O O O O O O 0
T When i meet peopie for tha first time, they react more posilivelyto (O OO0 0 o ol
me than they did befora 1 had my orthodontic treatment. !
m. | would recommend orthodontic treatment (o anyone who has O 0 O O O 00
trouble galing or chewing because of a bad bite.
1. Since my orthodontic treat}ﬁéﬁt'fi‘i'iﬁ;Iike’whattsoéwhen ook Bwé 00000
_inthe miror. - R
o. In general, my onhodont:c tmalment exparience was a negahva one, O O O OO0 00
p .1 have been dellghted at how much better | look since my \ - M“(M)“Mg WO O D ; O O‘ i
. _orthodontic treatment. e v o]
1712
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Appendix 5. PSPOF

UNIVERSITY OF NORTH CAROLINA 1D NUMBER:

SCHOOL OF DENTISTRY

PATIENT PERCEPTION
PSPOF - Orthodontics Only Recall DATE:

LT

pamientINmaLs: [ | | ]

HRpEEERER

Study: @ Onho

Visitt () End of Ortho @] [D Yrs Post-Treatment

Instructions: We are very Interested In your thoughts and fealings aboid your {eeth and mouth. Please read each
staternont corefully and FILL IN THE CIRCLE COMPLETELY that best describes your degroe of agreemant

witht ther statement,

a. When | bite down, my lowear teeth stick out 100 much.

5. Whon | bio down, my upper lesin stick out 00 much.

¢. | have a nice smile.

Strongly
{Asaaren

Beeoghy
B

i

"d. When | tite down, my upper front leeth cover too much of my
lower teeth.

§
i
| S " “ -

o
i

e. When | bite down, my upper and lower front teeth dont touch.

"f. My upper and lower front testh fit together like they should
{come together right).

g. When | chew, my teeth hit where Iht;} should r;c;t hll |
| h. When 1 bite down, my back teeth don't touch evenly.
i. My upper and lower back teeth fit together like they should
{come together right).
[“ j. Lcan chew food as well as I wantlo.

k. § can take bites of anything Inciuding apples or pizza.

§
H
i

000 00

i
H

i

i
i
i
H
i
i

O 000

0/ 0oloopgo

[ When 1 smile, too much tooth or gum shows.

m, if | open my mouth wide, my jaw hurts,

. My o moves sidowaya i open my mouth all o way.

©. My jaw makas a grating or grinding nokse¢ when it opens or closes.

| p.1can open my mouth as wide a5 | want fo.

q. My Jaw pops or clicks when 1 chew or open or close my meuth.
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i
§
§

0 0]

O

3
H
|
‘
,

i
i

0,00 000 00 0000

§
H

000 000 00 0000
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o,
O
O

0000l OO0 00,0000

O O
o
O




Appendix 6. PSPOF page 2

|
ID NUMBER: DI[:]

PSPOF - Page 2 paTIENTINTIALS: [ | | |

Instructions: Look ai the picture betow. Da you have any pain, discomfort, or soreness in any of these aroas on either
the right or the left side? Please FILL IN THE CIRCLE COMPLETELY far your answer.

a. Temples {A) O No O Yes O Don't Know
b. Jaw Joints (B} O No O Yes O Don't Know
¢. Jaw Musdles (C) O No O Yes O Don't Know

d. Ears (D) O No O Yes O Don’t Know

16264
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Appendix 7. FI

UNIVERSITY OF NORTHCAROLINA | oNumeer: [ ] [ [ |

SCHOOL OF DENTISTRY PATIENT INITIALS:
PATIENT PERCEPTION LIT]

F1 - Orthodontics Only Recall DATE: HEEREREE

Study. @ Ortho

Visit: () End of Ortho O ED Yrs Post-Treatment

instructions:  Consider each item listed below and FiLL IN THE CH which best represents your
featings about yoursell at the present tima.

Hirve S4ong Haveo Strong
Posttive

i

i

i

00 000000000000 00

H
i

000

i

00000000 0O0

5. Nose
[6tps

7. Mouth

H

0 0 00|

i
i

[8.Teo

fA—

i

9. Facial Complexion

{ 10. Chin

0 00 00 00 0

;
o
i
£

11. Neck

f
£
§
H
1

00000

H
i

[12.Profile

{

0000000000 000000

1

© 0000

13. Eyebrows

i
i
i

15. Smile

00000000

| 16.FaciaSkinToe

69



Appendix 8. PAR Weightings

PAR Component English American
weighting Weighting
Upper anterior score (UA) X1 X1
Lower anterior score (LA) X1 Not scored
Right buccal segment score (RB) | X1 X2
Left buccal segments score (LB) | X1 X2
Overjet score (OJ) X6 X5
Overbite score (OB) X2 X3
Centerline score (ML) X4 X3
Total English | Total
weighted American
score weighted
score
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Appendix 9. Descriptive Statistics for EWS for Final and Recall Camouflage

Models

Final EWS Recall EWS

Mean 6 Mean 9.3
Standard Error 0.8 Standard Error 1.1
Median 4.5 Median 9.5
Mode 4 Mode 4
Standard Deviation 4.4 Standard Deviation |6
Sample Variance 19 Sample Variance 37
Kurtosis -1 Kurtosis 3.2
Skewness 0.8 Skewness 1.3
Range 14 Range 28
Minimum 1 Minimum 2
Maximum 15 Maximum 30
Sum 181 Sum 280
Count 30 Count 30
Largest (1) 15 Largest (1) 30
Smallest (1) 1 Smallest (1) 2
Confidence Level 1.6 Confidence Level 2.3

(95.0%)

(95.0%)




Appendix 10. Intra-examiner reliability of total camouflage EWS

(19 out of 60 models reexamined 2 wk later) Difference
Model Number|1st PAR score| 2nd PAR score
8 2 2 0
22 15 16 1
15 4 3 -1
50 4 5 1
59 4 5 1
61 12 12 0
35 6 4 -2
6 6 5 -1
11 8 8 0
84 30 30 0
55 12 11 -1
77 2 2 0
14 14 12 -2
75 3 3 0
41 1 1 0
81 4 4 0
4 11 12 1
87 13 13 0
48 16 15 -1
Sum of
difference -4
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Appendix 11. Individual Component PAR Scores on Final and Recall

Camouflage Models
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Appendix 12. Reliability Table for PAR components on camouflage patients

Raw Agreement Weighted Kappa

Upper Arch 1719 89% 0.89
Lower Arch 16/19 84% 0.84
Right Buccal 15/19  79% 0.80
Left Buccal 18/19 95% 0.94
Overjet 19/19 100% 1.0

Overbite 18/19 95% 0.94
Midline 19/19 100% 1.0
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Appendix 13. Photo PAR scores of camouflage patients, repeated 2 weeks apart.

Photo PAR score

PAR score on Recall pictures (repeat)

PAR score on Recall pictures (1st)

14

14

10

UAILA |RB|LB |OJ [OB]ML |EWS

14

14

10

UAILA |RB |[LB |OJ |OB |ML |[EWS

pt #

57

47

24
84
60

42

33
78
82

39

40
87

51

31
48
85

70
43

72
32

83

55

75



Appendix 14. Reliability Table for Photo PAR components on camouflage

patients
Raw Agreement Weighted Kappa

Upper Arch 22/26 85% 0.89
Lower Arch 22/26 85% 0.89
Right Buccal 24/26 92% 0.88
Left Buccal 25/26 96% 0.95
Overbite 25/26 96% 0.95
Midline 24/26 92% 0.88
English Weighted Score 0.93
Unweighted SUM 0.97

76




Appendix 15. Reliability Table for Final Pictures and Recall Pictures on Surgery

Patients.
Raw Agreement Reliability

UA final 11/14 79% 0.59
LA final 11/14 79% 0.89
RB final 14/14 100% 1.00
LB final 14/14 100% 1.00
OJ Final 13/14 93% 0.67
OB final 14/14100% 1.00
ML final 14/14 100% 1.00
EWS final T value —0.81 p = 0.43 0.97
Unweighted SUM final 0.94
UA recall 11/14 79% 0.83
LA recall 11/14 79% 0.94
RB recall 13/14 93% 0.95
LB recall 13/14 93% 0.95
OJ recall 13/14 93% 0.86
OB recall 14/14 100% 1.00
ML recall 14/14 100% 1.00
EWS recall T value -1, p = 0.34 0.99
Unweighted SUM recall 0.98
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Appendix 16. Model versus Photo PAR scores on Camouflage patients.

Subject [Initial scoring on Model New EWS score |Photo PAR score
Number |Par score on Recall model if remove OJ PAR score on Recall pictures
UA|LA |RB|LB|0OJ |OB [ML [EWS UA|LA{RB|LB|0J |OB|ML|EWS
1 1 of 2| 1 0 2| 4 10 10 1 0 1 2IN/A ol 4 8
2 0 O 1 1 0 2l O 4 4 o] 1 1 1|N/A 2] O 5
3 of 2 1 1 0 of O 4 4 1 2 0 O|N/A 0o 0 3
4 4 O 4] 4] 18 0o O 30 12 4] 0 2] 1IN/A 0] 0O 7
5 1 2 2| 2 0 0] O 7 7 o] 2 1 O[N/A 0o 0O 3
6 1 0] 0] 4 O 0f O 5 5 11 0] 0] 1|N/A 0 O 2
7 0o 2 1 1 6 0] O 10 4 1 1 0] 1{N/A 2] O 5
8 1 0] 2] 2{ 6 0] O 11 5 11 21 2] 2|N/A 0o 0 7
9 of 4 0 2| 6 4 0 16 10 0l § 1 2|N/A 6] O 14
10 11 2] 2] 1 6 2 of 14 8 ol 1 1} olnA]l 2] o 4
11 3] O 1 0 0 of O 4 4 2 0 0| O|N/A 0 0 2
12 1 1 1 2| 6 A Y] 13 7 1 3 1 2{N/A 2l O 9
13 2 0f O O 0 of O 2 2 1 1 0f OJN/A 0of O 2
14 0Of 0] 31 2 6 0] 0 11 5 1 0 1 1|N/A of 0 3
15 1 5 0] 2 0 0of O 8 8 1 3 0] 1IN/A 2l O 7
16 2 1 2 3] 6 2 0 16 10 4 3 2|  1]N/A 4 0 14
17 1 1 2] 2| 6 2 0 14 8 1 3 1 2{N/A 0f O 7
18 1 0 1 1 6 o] 4 13 7 2 1 1 2{N/A 0ol 4 10
19 of 0] 2 0] O 0] 0O 2 2 0o 0 1 0{N/A 0] © 1
20 1 2 1 1 6 0] O 11 5 o] 2 1 2|N/A 2 O 7
21 1 2 1 1 6 2l O 13 7 1 3 1 1IN/A 2 0 8
22 ol 0Of 2| 2 0 0] O 4 4 1 0 1 2{N/A 0ol O 4
23 of 21 21 2] 6 0] 4 16 10 of 1 2| 2|N/A 0ol 4 9
24 1 6] 2] 1 0 2] O 12 12 1 6 0] O|N/A 2 0 9
25 of 2 2 2[ 6] of of 12 6 of 2] of o[NnAlT of o 2
UA = upper arch RB = Right Buccal 0OJ = Overjet ML = Midline
LA = Lower arch LB = Left Buccal OB = Overbite EWS = English Weighted Score
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Appendix 17. Reliability for model versus the photo components on camouflage

patients.
Raw Agreement Reliability

Upper Arch 15/26 58% 0.75
Lower Arch 13/26 50% 0.80

Right Buccal 11726 42% 0.28

Left Buccal 12/26 46% 0.22
OverBite 18/26 69% 0.66
Midline 26/26 100% 1.0
English Weighted Score 0.68
Unweighted SUM 0.59
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Appendix 18. Univariate for Difference in English Weighted Total Par Score

The UNIVARIATE Procedure

Variable: Difference in English Weighted Scores (dews)

Moments
N 29 Sum Weights 29
Mean 3.34482759 Sum Observations 97
Std Deviation  4.35296173 Variance 18.9482759
Skewness 1.09383643 Kurtosis 1.30737432
Uncorrected SS 855 Corrected SS  530.551724

Coeff Variation 130.140093

Std Error Mean 0.8083247

Basic Statistical Measures

Location Variability
Mean  3.344828 Std Deviation 4.35296
Median 2.000000 Variance 18.94828
Mode 1.000000 Range 18.00000

Interquartile Range 5.00000

Tests for Location: Mu(0=0

Test -Statistic- ----- p Value--—-—---
Student's t t 4.137975 Pr > |t| 0.0003
Sign M 9.5 Pr>=|M| 0.0003

Signed Rank S

147

Pr>=|S| <.0001

Quantiles (Definition 5)

Quantile Estimate
100% Max 15

99% 15

95% 14

90% 9

75% Q3 6

50% Median 2

25% Q1 1
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Appendix 19. Component PAR Scores on Final and Recall Pictures on Surgical

Patients.

Initial scoring

14

12

10
1

14

12

10
11

Par score on Recall picture

UA[LA |RB |LB |OJ |OB |ML [EWS

Par score on Recall picture

UA[LA |RB |LB |OJ |OB |ML [EWS

11

11

PAR score on Final picture

UA [LA [RB [LB |OJ [OB|ML |[EWS

0

Repeat Photo PAR score

PAR score on Final picture

UA[LA |RB [LB [OJ [OB|ML [EWS

0

Subject

Number

10
1"

12

14

Subject

Number

10
1

12
13
14
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Appendix 20. Descriptive Statistics for EWS for Surgical Final and Recall

pictures.
Final EWS Recall EWS

Mean 4.9 Mean 6.9
Standard Error 0.8 Standard Error 1.1
Median 4.5 Median 6
Standard Deviation 3.1 Standard Deviation 4
Kurtosis -0.3 Kurtosis -1.1
Skewness 0.5 Skewness 0.3
Range 11 Range 13
Minimum 0 Minimum 1
Maximum 11 Maximum 14
Largest(1) 11 Largest(1) 14
Smallest(1) 0| Smallest(1) 1
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Appendix 21. PAR Descriptive Statistics Recall minus Final change.

Variable N Mean | STD Dev | Min | Max T Value | Pr>/t/
* =<(0.05
Surgery Patients
UA 14 1029 |0.73 -1.0 | 1.0 1.47 0.1648
LA 14 |[1.00 |1.52 -2.0 | 3.0 2.46 0.0285*
RB 14 |-0.43 | 0.76 -2.0 | 0.0 -2.12 0.0537
LB 14 |-0.14 | 0.53 -1.0 | 1.0 -1.00 0.3356
oJ 14 |0.07 |0.62 -1.0 | 1.0 0.43 0.6714
OB 14 |0.21 |0.58 -1.0 | 1.0 1.38 0.1894
ML 14 (021 |043 0.0 |1.0 1.88 0.0823
EWS 14 | 2.0 3.80 -2.0 | 9.0 1.97 0.0708
Unweighted SUM | 14 | 1.21 | 2.72 -3.0 (5.0 1.67 0.1190
Camo Patients
UA 29 |052 |0.83 -1.0 | 3.0 3.36 0.0023*
LA 29 (079 |1.52 -2.0 { 5.0 2.81 0.0090*
RB 29 |-0.03 | 0.91 -2.0 | 2.0 -0.21 0.8390
LB 29 [-0.14 | 1.09 -2.0 | 3.0 -0.68 0.5023
oJ 29 | 145 |3.46 -6.0 | 12.0 2.25 0.0322%
OB 29 1055 |0.91 0.0 |2.0 3.27 0.0029*
ML 29 (028 |1.03 0.0 |4.0 1.44 0.1609
EWS 29 |3.34 |4.35 -3.0 | 15.0 4.14 0.0003*
Unweighted SUM

Note:

Surgery Patients based on Recall Picture PAR — Final Picture PAR

Camouflage Patients based on Recall Model PAR — Final Model PAR
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Appendix 22. Univariate for the Difference in English Weighted Total PAR

Score for surgical patients.

The UNIVARIATE Procedure
Variable: cews

Moments
N 14  Sum Weights 14
Mean 2  Sum Observations 28
Std Deviation 3.80283295 Variance 14.4615385
Skewness 0.7147527 Kurtosis -1.0836454
Uncorrected SS 244 Corrected SS 188

Coeff Variation 190.141648 Std Error Mean 1.01634986

Basic Statistical Measures

Location Variability
Mean 2.00000 Std Deviation 3.80283
Median 0.50000 Variance 14.46154
Mode -1.0000 Range 11.00000

Interquartile Rang 7.00000

Tests for Location: Mu0=0

Test -Statistic- ~ ----- p Value------

1 Student's t t 1.967826 Pr > [t| 0.0708
Sign M 1 Pr>=|M| 0.7744
Signed Rank S 17 Pr>=|S| 0.1890

Quantiles (Definition 5)

Quantile  Estimate
| 100% Max 9.0

| 99% 9.0
| 95% 9.0
; 90% 7.0
| 75% Q3 6.0

50% Median 0.5
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Appendix 23. Comparison of Adult Camouflage to Long Term Surgical Studies.

Appendix 23 Comparison of Adult Camouflage to Long Term Surgical Studies (Schubert et al, ref 6)
Factors affecting significance (Analysis of Covariance)
Measurement Age Follow-up Groups Diiferences between groups
length
Horizontal Changes = . S S
ANS Y (p=0.0480) . N Y (p=0.0284) . diff is biw 2J +CM (p= 0.0318);.CM.* PS (p=0.0316) .
A pt N N ) Y (p=0.0353) _ No diff is significant
B pt Y (p=0,0160) Y (p=0.0121) * 7Y (p=0.0085) diff is biw 2J +F’S (p- Q. 0100)
Pg T Y (p=0.0133) Y (p=0.0240) Y (p=0. O‘QOS‘)' dlff |s‘ bw 2J +CM (p— .014¢
max incisor N : N N N
mand incisor N N Y (p=0.0034)
Vertlca! Changes ) B B e
A pt N. N Y (p=0. 0187) "No diff is significant -
Bpt . N .. ... N _:”dlffIS b/w2J+Md(
Pg Y (p=0,0181) . N\ ;
Me .Y (P200001) N .Y (p=0,0067) + Md 064) e
max inclsor Y (p=0,0040) . N Y (p=0.0167) - .diff is biw, Mx + Md (p- .0185) - -
mand incisor Y (p=0.0089) N\ ) .Y (p=0.0342) ‘7d|ff is b/w Mx * Md (p— 0 233) o
Dimensional Changes e ; e e s o e .
Overjet N CNCTTTT T Y (p=0.0088) T diff is biw Md + PS (p= 0.0069) and Mx + Md (p=10.0228)
Overbite Y (p=0.0389) Y (p=0.0090) N

N = not significant, Y= significant (P < 0.05).

Groups = 2 Jaw (2J), Max surg (Mx), Mand Surg (Md), Camouflage (CM) or Schubert's non-surg group (PS).
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Appendix 24. Demographic Characteristics of Camouflage Patients

n 'Mean SD Range
Camouflage group 31
Initial age (y) 28.6 8.6 |16to46.3
Follow-up length (y) 12.0 2.8 |[6.5t015.7
Gender
Female 30 (97%)
Male 1 (3%)

Camouflage Patients Extraction Patterns (n= 31)

Conventional camouflage extraction
of U4’s only or U4’s and L5’s

Asymmetric Premolar extraction

U4/L4’s or US/L5’s

10

Incisors

Primary Molars

U6’s
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Appendix 25. Percentage of Change for Patients PAR Score from Final to

Recall:

PERCENTAGE OF PATIENTS FOR WHOM PAR SCORE DID OR DID
NOT CHANGE FROM FINAL TO RECALL

No Change Improved Worse Lots worse
Score (by one unit) | (greater than
1 unit)
Camouflage
Upper Arch 55% 3% 31% 10%
IlI-E.ower Arch 24% 21% 24% 31%
Right Buccal |41% --31% 24% | 3%
Left Buccal 41% 38% 14% 7%
Overjet 73% 3% 24% 0%
Overbite 73% 0% . 27% 0%
Midline 93% 0% 7% 0%
Surgery
-Upper Arch 43% 14% 43% 0%
Lower Arch 43% 7% 7% 43%
Right Buccal | 71% 29% 0% 0%
Left Buccal 79% 21% 7% 0%
Overjet 64% 14% 7% N/A
Overbite 64% 7% 29% 0%
Midline 79% 0% 21% 0%

Note: Surgical patients OJ was scored <4mm = 0, >4mm = 1, therefore no change

could have been greater than 1 unit.
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Appendix 26. PAR Descriptive Statistics Recall minus Final change.

Variable N Mean | STD Dev | Min | Max T Value | Pr>/t/
* =<0.05
Surgery Patients
UA 14 029 |[0.73 -1.0 | 1.0 1.47 0.1648
LA 14 |1.00 |1.52 -2.0 1 3.0 2.46 0.0285*
RB 14 |-0.43 | 0.76 -2.0 | 0.0 -2.12 0.0537
LB 14 |-0.14 | 0.53 -1.0 | 1.0 -1.00 0.3356
0oJ 14 |0.07 |0.62 -1.0 | 1.0 0.43 0.6714
OB 14 |0.21 |0.58 -1.0 | 1.0 1.38 0.1894
ML 14 |0.21 |0.43 0.0 |1.0 1.88 0.0823
EWS 14 | 2.0 3.80 -2.0 | 9.0 1.97 0.0708
Unweighted SUM | 14 | 1.21 |2.72 -3.0 | 5.0 1.67 0.1190
Camo Patients
UA 29 052 |0.83 -1.0 | 3.0 3.36 0.0023*
LA 29 |0.79 |1.52 -2.0 | 5.0 2.81 0.0090*
RB 29 |[-0.03 | 091 -2.0 | 2.0 -0.21 0.8390
LB 29 |-0.14 | 1.09 -2.0 | 3.0 -0.68 0.5023
oJ 29 |1.45 |3.46 -6.0 | 12.0 2.25 0.0322*
OB 29 (055 |091 0.0 | 2.0 3.27 0.0029*
ML 29 0.28 1.03 0.0 (4.0 1.44 0.1609
EWS 29 [3.34 |4.35 -3.0 | 15.0 4.14 0.0003*
Unweighted SUM
Note:

Surgery Patients based on Recall Picture PAR — Final Picture PAR

Camouflage Patients based on Recall Model PAR — Final Model PAR
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Appendix 27. Camouflage Vertical Changes
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Appendix 28. Camouflage Horizontal Changes
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Appendix 29. Camouflage Dimensional Changes
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